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Abstract
·AIM:Tocomparetheeffectoftopicallyadministered
and subconjunctivally injected bevacizumab on
experimentalcornealneovascularizationinratsfortwo
weeksaftertreatment.
·METHODS:Twenty-eightSprague-Dawleyratswere
dividedintofourgroupsof7animals.Eachcorneal
centerofrighteyewascauterizedwithsilver/potassium
nitrate for 8s. After corneal burning, bevacizumab
(12.5mg/mL)wastopicallyadministeredthreetimesper
day (TBgroup)fortwoweeksorsubconjunctivally
injectedondays2and4aftercauterization(0.02mL;SB
group).Asnegativecontrols,ratsreceived0.9%saline
topically three times per day (TS group) or
subconjunctivallyondays2and4 (0.02mL;SSgroup).
Digitalphotographsofthecorneaweretaken1and2
weeksaftertreatmentandanalyzedtodeterminethearea
of cornea covered by neovascularization as the
percentageofcornealneovascularization.
·RESULTS:Oneweekaftertreatment,thepercentageof
cornealneovascularizationwassignificantlylowerinthe
TBandSBgroupsthanintheTSandSSgroups(all <
0.05).Twoweeksaftertreatment,thepercentageof
cornealneovascularizationwassignificantlylowerinthe
TBgroupthanintheTSgroup ( <0.05).Inallgroups,
thepercentageofneovascularizationwasdecreasingas
timepassed(all <0.05)
· CONCLUSION:Topicallyadministeredbevacizumab
has longer standing anti-angiogenic effect than
subconjunctivally injected bevacizumab in corneal
neovascularizationfollowingchemicalinjuryinrats.
· KEYWORDS: cornealneovascularization;bevacizumab;
topicalandsubconjunctivaladministration
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INTRODUCTION
T
hecorneamaintainsanavascularstatethroughthe
balancedoperationofangiogenicandantiangiogenic
factors
[1-3].However,inflammatory,infectious,degenerative,
andtraumaticdiseasesthatafflicttheorgancancause
corneal neovascularizationwith significanteffectson
eyesight
[4].Ifactivated,vascularendothelialgrowthfactor
(VEGF),anangiogenicfactorinthecornea,triggerscorneal
neovascularization,whereasthecontrolofVEGFexpression
restrainsformationofnewvasculartracts
[5,6].Bevacizumab
(Avastin
® ;Roche,Basel,Switzerland)isafull-length
humanized antibodydirectedagainstVEGFand,in
combinationwithanticancerdrugs,isusedforthetreatment
ofmetastaticcoloncancer
[7].Intravitrealbevacizumab
injectionis usedasatreatmentforchoroidal
neovascularization,maculareodema,andotherdiseasesthat
areaccompaniedbyage-relatedmaculardegeneration
[8-12].
Therehasbeengrowinginterestinthetreatmentofcorneal
neovascularizationusingbevacizumabandmanystudies
haveshownthattopicaladministrationorsubconjunctival
injectionofthedrugiseffectiveforcontrolofanterior
segmentneovascularization
[13-22].Threeofthem
simultaneouslycomparedtheanti-angiogeniceffectof
topically administeredandsubconjunctivallyinjected
bevacizumabforequalorlessthan7daftertreatment
[20-22].
Theirresultsshowedthattherewasnosignificantdifference
betweentwogroups.Ontheotherhand,Dastjerdi
[23]
showedsingletopicallyadministeredbevacizumab(1%)with
denudedepitheliaandsubconjucnvallyinjectedbevacizumab
(0.5mg)stillremainedinthecornealstromaupto14d.To
ourknowledge,therewasapaucityofstudythatcompared
theanti-angiogeniceffectoftopicallyadministeredand
subconjunctivallyinjectedbevacizumabformorethan7d
aftertreatment.Thepresentstudycomparestheeffectsof
subconjunctivallyinjectedandtopicalbevacizumabin
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inhibitingneovascularizationafterexperimental corneal
ablationinratsuntiltwoweeksaftertreatment.
MATERIALSANDMETHODS
Chemical Cauterization Animalswerehandledin
accordancewiththeARVOStatementfortheUseof
AnimalsinOphthalmicandVisionResearch.Twenty-eight
8-week-oldSprague-Dawley(SD)rats,withoutcorneal
lesions,andweighing225-275g,wereused.Ratswere
anesthetizedwith10mg/kgzolazepam(Zoletil;Yuhan,Corp.
Seoul, Korea) and10mg/kgxylazine hydrochloride
(Rompun;Bayer,Inc.,Frankfurt,Germany),injectedintothe
abdominal cavity,and 0.5%(w/v)proparacaine
hydrochloride,topicallyappliedtotherighteyes.After
dryingwithgauze,thecornealcentersofrighteyeswere
cauterizedwithsilver/potassiumnitrate [75% (w/v)silver
nitrate/25%(w/v)potassiumnitrate;ArzolChemical,Keen,
NH]for8s,creating3mm-diameterlightgraychemical
burns.Eachcorneawaswashedwith10mLbalancedsalt
solution(BSS
®,AlconLaboratories,Inc.,FortWorth,TX,
USA)immediatelyaftertheburn.Tocreatecornealchemical
burnsthatwereuniforminsize,asingleexperimenter
cauterizedallratsforequalperiodsoftime.
Onday2aftercornealinjury,theextentofburnstimulus
responsewasscoredonascaleof0to+3inaccordancewith
theexperimentalmodeldevisedbyMahoneyandWaterbury
totestblisterresponses
[24].Ratswithscoreshigherthan+2
wereincludedinexperimentsandanimalsthatdeveloped
keratitis,endophthalmitis,orcornealperforation,were
excluded.
Grouping The28ratsincludedinexperimentswere
randomlydividedintofourgroupsof7animals.Fromday2
after cauterization,bevacizumab(12.5mg/mL)was
administeredtopicallythreetimesaday(TBgroup).Ondays
2and4, 0.02mL bevacizumab(12.5mg/mL)was
subconjunctivallyinjectedusinga30Ginsulinsyringe
(Ultra-Fine
TM;BectonDickinson,FranklinLakes,NJ;SB
group).Inthenegativecontrolgroups,salinewas
administeredtopicallythreetimes adaytoanimals
commencingonday2aftercornealburning(TSgroup),or
0.02mLsalinewasinjectedsubconjunctivallyusing30G
insulinsyringe(Ultra-Fine
TM;BectonDickinson)ondays2
and4(SSgroup).
MeasurementofCornealNeovascularization Onweeks1
and2aftertreatment,cornealneovascularizationwas
assessedbyphotographyat32Xmagnification(Coolpix
4500
TM;fourmegapixels;NikonImagingJapan,Inc.,Tokyo,
Japan)attachedtoaslit-lampmicroscope.Photographswere
examinedusinganimageanalyzingprogram(ImageJ1.40g
writtenbyWayneRasband,ResearchServicesBranch,
NationalInstituteofMentalHealth,Bethesda,MD,USA).
First,allcorneasand neovascularizationthereinwere
outlinedwithreferencetothecorneallimbus.Todetermine
thepercentageofcornealneovascularization,thenumberof
pixelsshowingneovascularizationwasexpressedasa
percentageoftheentirecornealpixelnumber
[25].
StatisticalAnalysis UsingtheSPSSprogram(version16.0;
SPSS,Inc.,Chicago,IL,USA),theone-wayANOVAwas
performedforstatisticalanalysisandfollowedbytheTukey
honestlysignificantdifferencetestbetweenmeans.The
paired Student -testwas performed tocompare the
percentageofcornealneovascularizationatoneweekand
twoweeksaftercauterization.The valuebelow0.05was
consideredstatisticallysignificant.
RESULTS
Twenty-eightratsshowedscoresof+2orhigherinthe
experimentalblisterresponsemodel.Immediatelyafter
cauterization,burnstimulusscoresdidnotstatisticallydiffer
amongthefourgroups(=0.74;ANOVA).Noanimal
developedcornealperforation.
Atoneweekaftercauterization,thepercentageofcorneal
neovascularizationwas34.7依5.9%,52.5依11.3%,35.0依7.4%,
and51.7依12.2%inTBgroup,TSgroup,SBgroup,andSS
group,respectively.Thepercentageofcorneal
neovascularizationwassignificantlylowerintheTBandSB
groupsthanintheTSandSSgroups(all <0.05;ANOVA).
Attwoweeks,thepercentageofcornealneovascularization
was16.5依5.6%,30.8依7.3%,26.4依6.1%,and25.9依8.7%in
TBgroup,TSgroup,SBgroup,andSSgroup,respectively.
Thepercentageofcorneal neovascularization was
significantlylowerintheTBgroupthanintheTSgroup
( <0.05;ANOVA).Thus,ineachgroup,thepercentageof
neovascularizationwasdecreasingastimepassed(all <
0.05;pairedStudent -test;Figures1,2).
DISCUSSION
Manyreportshaveappearedontheeffectsofbevacizumab
inhibitingcornealneovascularizationinrats,rabbits,and
humans
[10,14,16,18,21,26-29].Inmostexperimentalstudiesofcorneal
neovascularization,topicallyadminiseredand
subconjunctivallyinjectedbevacizumabwasappliedto
preventearly-stageneovascularization.Inthepresentwork,
bevacizumabwassubconjunctivallyadministeredononly
days2and4aftercornealburning.Clinically,itisdifficultto
injectbevacizumabrepeatedlybecause injection-related
complicationsincludingpainandsubconjunctival
hemorrhagemaydevelop.Inspiteofonlyoneweek
follow-up,theanti-angiogeniceffectoftopically
administeredandsubconjunctivallyinjectedbevacizumabdid
notdifferatoneweekaftertreatmentinthreeprevious
comparativestudies
[20-22].Topicalbevacizumabcannot
penetratetheunwoundedcorneawithintactepitheliumasit
hasamolecularweightof149kDawhichistoolargeto
penetratetheintactcornealepithelium.Dastjerdi
[23]
showedsingletopicallyadministeredbevacizumab(1%)with
denudedepitheliaand subconjunctivallyinjected
589bevacizumab(0.5mg)stillremainedinthecornealstromaup
to14d.Ifthecornealneovascularizationandinflammation
reducestheintegrityofcornealepithelialtightjunctions,the
bevaciumabcanpenetratethetightjunctionandreachthe
stroma.Nomoto
[30] demonstratedthatafter
subconjunctivalinjectionofbevacizumab(1.25mg/0.05mL),
thehalf-lifeofbevacizumabwas1.80and2.85weeksinthe
iris-ciliarybodyandretina/choroid,respectively.Forthese
reasons,weinitiallypostulatedthattheanti-angiogeniceffect
oftopicallyadministeredandsubconjucntivallyinjected
bevacizumabshouldnotdiffer.Conversely,inpresentstudy
itwasrevealedthattheanti-angiogeniceffectoftopically
administeredbevacizumabwas higherthanthatof
subconjunctivallyinjectedbevacizumabattwoweeksafter
treatment.Inthesubconjunctivallyinjectedbevacizumab
group,thehalf-lifeofbevacizumabaftersubconjunctival
injectionmightnotbesufficientlylongtodemonstratea
continuouseffect.Inthetopicallyadministeredbevacizumab
group,theregressionofcornealneovascularizationmightbe
duetothelong-standingtopicaluseofbevacuzumab.Kim
[26] demonstratedthattopicallyappliedbevacizumab
(12.5mg/mL)twicedailydecreasedcorneal
neovascularizationin10eyesof7patientswithinonemonth.
Bock
[31] showedtopicalbevacizumab(5mg/mL)five
timesadayforaveragely3.6monthsreduced48%inmean
vascularareain5eyesof5patientswithcorneal
neovascularizaition.
Alimitationofourstudyisthatfirst,wehavenotcompared
theeffectsofdifferentdosesofbevacizumabon
neovascularization;suchworkisinprogress.Second,a
humanizedanti-VEGFantibody(bevacizumab)thatpoorly
boundtomurineVEGF-Awasusedinpresentstudy.Ithas
beenshowedthattheseantibodiesbindratVEGF-Awith
lessspecificityanddissociatemoreeasilythanhuman
VEGF-A
[31].Third,althoughcornealneovascularizationcan
beclearlyobservedintheratchemicalcauterizationmodel,
thecorneasshouldhavebeenstained
immunohistochemicallywithanti-CD31antibodybyusing
wholemountstogetmorepreciseresults
[32].Forth,the
molecularmechanismofcornealneovascularizationsuchas
VEGFexpressionshouldbecomparedamongfourgroups.
Inconclusion,weshowedthattopicallyadministered
Figure1 Thepercentageofcornealneovascularizationafter
chemicalburn Thepercentageofcornealneovascularizationafter
chemicalburn.Atoneweekaftercauterization,thepercentageof
cornealneovascularizationwassignificantlylowerinthetopical
bevacizumab(TB)andsubconjucntivalbevacizumab(SB)groups
thaninthetopicalsaline(TS)andsubconjunctivalsaline(SS)
groups.
a <0.05,
b <0.001:Significantdifferencesbetween1week
and2weeksaftercauterization(pairedStudent -test);
c <0.05,
d
<0.001:Significantdifferencesbetweenthetwogroupsatoneweek
aftercauterization(ANOVA).
e <0.05,
f <0.001:Significant
differencesbetweenthetwogroupsattwoweeksaftercauterization
(ANOVA, <0.05).
Figure 2 Slit lamp microscopic photographs Slitlamp
microscopicphotographstomonitorthecornealneovascularization
intopicalbevacizumab(TB),topicalsaline(TS),subconjucntival
bevacizumab(SB),andsubconjunctivalsaline(SS)groupsatone
week(A,C,E,andG)andtwoweeks(B,D,F,andH)after
cornealcauterization.
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bevacizumabwaslonger-standingthansubconjunctivally
injected drugin inhibitingcornealneovascularization.
Subconjunctivalinjectionofbevacizumabmaybefeasiblein
reducingneovascularizationforshortdurationorbyrepeated
manners.
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